Brief overview of the key functions of Janus kinases in the immune system concerning virus biology {#section1-1759720X20936059}
==================================================================================================

The Janus kinases (JAKs) are a family of intracellular proteins that mediate cytokine receptor signalling. The JAK family includes four tyrosine kinase members, named JAK 1, JAK 2, JAK 3 and TYK2 ([Figure 1](#fig1-1759720X20936059){ref-type="fig"}). JAKs engage the intracellular domains of distinct cytokine and growth factor receptors ([Table 1](#table1-1759720X20936059){ref-type="table"}), as homodimers or heterodimers. When a ligand binds its receptor, the receptor undergoes conformational change, bringing two associated JAKs closer together.^[@bibr1-1759720X20936059]^ The proximity of the JAKs permits auto-phosphorylation and trans-phosphorylation, resulting in their consequent activation. Activated JAKs phosphorylate other proteins to create a docking site for intracellular proteins containing Src Homology 2 (SH2) domain, such as the signal transducer and activator of transcription (STAT) family.^[@bibr2-1759720X20936059]^ The phosphorylation of intracellular proteins by JAK interactions engages a range of intracellular pathways, such as STATs, AKT, MAPK/ERK and phosphoinositide 3-kinase (PI3K). The result is the activation of transcription factors that regulate the transcription of selected genes. The intracellular signals transduced by the JAK pathways are vital for proliferation, differentiation, function and apoptosis of immune and haematopoietic cells. Genetic mutations of JAKs, either lack or gain of function, are implicated in several diseases, including severe haematopoietic disorders, myeloid and lymphoid proliferative syndromes, metabolic diseases and immune deficiencies.^[@bibr3-1759720X20936059][@bibr4-1759720X20936059]--[@bibr5-1759720X20936059]^ The role of JAKs in cell survival and effector functions are essential for innate and adaptive immunity as demonstrated in phylogenetic studies; the evolution of the JAK-STAT pathway occurred simultaneously with the development and diversification of the adaptive immunity suggesting that cytokine signalling is vital to drive the diversity of the immune system.^[@bibr6-1759720X20936059]^

![JAK family proteins are coupled with different membrane receptors.\
The JAK family includes four tyrosine kinases: JAK 1, JAK 2, JAK 3 and TYK 2. Different member of the JAK family are engaged by the intracellular domains of distinct cytokines or growth factor. The receptors can be distinguished into six groups: interferon receptors, gp130 family, βc family, γc family receptors, homodimeric receptors and GPCRs. Every family can specifically bind different mediators. Successively to the ligand binding, the receptors dimerise (either as homodimers or heterodimers) allowing the activation of the associated JAK. Therefore, each mediator, cytokine or growth factor, preferentially transduce their intracellular signals throughout different JAKs, mediating different biological effects.](10.1177_1759720X20936059-fig1){#fig1-1759720X20936059}

###### 

JAK family is associated to the intracellular portion of different transmembrane receptors family.

![](10.1177_1759720X20936059-table1)

                          JAK 1   JAK 2   JAK 3   TYK 2   Ligands using the receptors family
  ----------------------- ------- ------- ------- ------- ------------------------------------
  IFNs                    X                       X       IFN α/β, IL-10
  X                       X                       IFN γ   
  gp130 family            X       X               X       IL-6, IL-11, G-CSF, oncostatin M,
                          X               X       IL-12   
  βc family                       X                       IL-3, IL-5, GM-CSF
  γc family               X               X               IL-2, IL-4, IL-7, IL-9, IL-15
  Homodimeric receptors           X                       GH, EPO, TPO
  GPCRs                           X               X       Angiotensin

EPO, erythropoietin; G-CSF, granulocyte-colony stimulating factor; GH, growth hormone; GM-CSF, granulocyte-macrophage colony-stimulating factor; GPCRs, G protein-coupled receptors; IFN, interferon; IL, interleukin; JAK, Janus kinase; TPO, thrombopoietin.

The JAK-STAT pathway is implicated in regulation and differentiation of T and B lymphocytes and the monocyte/macrophage compartment.^[@bibr7-1759720X20936059]^ This is relevant for innate and adaptive immune responses to different pathogens. Briefly, the adaptive response to intracellular pathogens, such as viruses, is directed mainly by Th1 cells. The main cytokines responsible for Th1 polarisation are IFNγ and IL-12, whose intracellular pathways are mediated by JAK 1-2/STAT1 and JAK 2-TYK2/STAT4, respectively.^[@bibr8-1759720X20936059],[@bibr9-1759720X20936059]^ Similarly, differentiation towards Th2 immunity, involved in the response against parasites in particular, is driven by IL-4, IL-5 and IL-9, while Th17 immunity, involved in extracellular bacterial and fungal responses, is driven by IL-23, IL-6 and IL-21. Therefore, many important T cell fate differentiation decisions are predicated on cytokines that act *via* JAK-STAT pathways.^[@bibr10-1759720X20936059],[@bibr11-1759720X20936059]^ Interestingly, differentiation of Th2 and Th17 cells is possible without JAK signalling, whereas the immune response to intracellular pathogens is obligatorily dependent on JAK-STAT pathways.^[@bibr12-1759720X20936059]^ Additionally, CD8 T cells, essential in viral immune responses, require activation of JAK pathways to optimally exert their anti-viral functions.^[@bibr13-1759720X20936059],[@bibr14-1759720X20936059]^ Similarly, both B cells and innate immune cells rely on JAK pathways to mature, differentiate and survive.^[@bibr15-1759720X20936059]^ Antibody production is also dependent on JAK/STAT intracellular signalling; accordingly, the inhibition of JAK3 and JAK1 can significantly inhibit the effective production of antibodies and the differentiation of B cells.^[@bibr16-1759720X20936059]^ Both innate and acquired immunity are essential to coordinate the response to viral infections, such as herpes zoster primary infection and reactivation. The key role of JAKs in immune responses to viruses, particularly herpes viruses, thus warrants specific attention.

Life cycle and pathogenesis of herpes virus/varicella zoster virus {#section2-1759720X20936059}
==================================================================

There are eight herpes viruses that infect humans, namely herpes simplex virus (HSV) types 1 and 2, varicella-zoster virus (VZV), cytomegalovirus (CMV), Epstein-Barr virus (EBV), human herpesvirus 6 (variants A and B), human herpesvirus 7 and Kaposi\'s sarcoma virus or human herpesvirus 8. Focusing on VZV, the virus almost exclusively infects humans; the primary infection usually affects children as varicella or chicken pox. A latent period usually follows primary infection, during which the VZV localises in sensory neurons of the cranial nerves and/or the dorsal root ganglia. Later in life, particularly in the setting of immune suppression, the infection can reactivate as zoster or shingles in the area innervated by the infected neurons.

The VZV life-cycle starts with entry into the host cell, initiated by the fusion of the virus envelop and cell membrane. The viral genome is transported to, and released into, the cell nucleus where it will be sequentially transcribed. Initially, the 'immediate early' and 'early' genes regulating transcription and DNA replication, are transcribed, followed by the 'late' genes, which have structural functions, for example, creating the viral capsid. Virus assembly occurs in the nucleus around the newly synthesised viral DNA, before egressing through the cell membrane.^[@bibr17-1759720X20936059]^ VZV can directly target T lymphocytes, epithelial cells and neurons in the ganglia, with associated clinical symptoms.^[@bibr18-1759720X20936059]^

After the primary infection, varicella virions probably reach the ganglia sensory neurons by retrograde axonal transport from affected skin areas. Herein, VZV becomes latent in nerve cell bodies; this latency can last for many years. The immune system has a key role in controlling herpes virus infection and in maintaining virus latency after the primary infection; cytokines such as the IFNs, TNF and IL-12, produced by monocytes and natural killer (NK) cells, are responsible for the early response to VZV infection by inducing VZV-specific T cells maturation, essential for the resolution of the primary infection and to control reactivations.^[@bibr19-1759720X20936059]^ In more detail, the VZV is able to inhibit STAT1 pathways, induced by IFN alpha and beta signalling, and upregulate the STAT3 transcription factor, which helps the replication and survival of the virus in host tissues. Unsurprisingly, STAT3 inhibition by small-molecule drugs were demonstrated to worsen clinical infection in animal models.^[@bibr20-1759720X20936059]^ In the event of immune suppression, such as in elderly people, or during the initiation of immune suppressive treatments, VZV can reactivate and target the skin dermatome(s) linked to the afferent nerve fibres from a single dorsal root of the affected ganglion spinal nerve where the virus started its latency. Both during primary infection and reactivation, DNA transcription and translation systems of infected keratinocytes are used by the virus to replicate its genome; the infected epithelial cells are finally lysed, allowing viral diffusion into the tissues of the infected host and, potentially, infection of other individuals. Infected keratinocytes are distressed, and in consequence produce IL-6, which induces the immune response and autophagy, and initiates mechanisms of tissue repair.^[@bibr21-1759720X20936059]^ VZV can interact with the host immune system, suppressing antigen presentation and the innate immune response.^[@bibr22-1759720X20936059],[@bibr23-1759720X20936059]^ JAK family dependent functions are implicated in numerous steps in this viral life cycle pathway. Accordingly, there has been concern that inhibition of JAK-associated intracellular pathways could be associated with an increased susceptibility to primary infections or reactivation of latent viral infections, such as those caused by VZV.

JAKs inhibitors -- overview {#section3-1759720X20936059}
===========================

In light of their key role in innate and adaptive immunity, inhibitors of JAKs (JAKinibs) have been developed and are currently used to treat a range of advanced solid tumours, such as non-small cell lung carcinoma, renal cell carcinoma, melanoma, thyroid carcinoma and different gastrointestinal solid tumours, as well as several myeloproliferative disorders including chronic and acute myeloid leukaemia, chronic lymphocytic leukaemia and acute lymphoblastic leukaemia, mantle cell lymphoma, Waldenstrӧm's macroglobulinaemia, mastocytosis, mast cells leukaemia and polycythaemia vera. Currently, JAKinibs are also indicated to treat chronic immune-mediated inflammatory diseases, such as rheumatoid arthritis (RA), psoriasis, psoriatic arthritis (PsA) and inflammatory bowel disease. The JAKinibs have a modulatory effect on cytokine signalling and thus on effector cell functions. The JAKinibs discussed here are summarised in [Table 2](#table2-1759720X20936059){ref-type="table"}.

###### 

Small molecules targeting JAK family in RA and their selectivity for different member of the family.

![](10.1177_1759720X20936059-table2)

  Drug           Commercial Name   Target                  IC50
  -------------- ----------------- ----------------------- -----------------------------
  Tofacitinib    Xeljanz           JAK 3, JAK 1 \> JAK 2   0.16 nM, 0.68 nM and 0.7 nM
  Baricitinib    Olumiant          JAK 1 and JAK 2         0.8 nM and 0.99 nM
  Upadacitinib                     Jak 1                   43 nM
  Filgotinib                       Jak 1                   10 nM
  Decernotinib                     Jak 3                   1.2 nM
  Peficitinib    Smyraf            Jak 3 \>\> Jak 1        0.7 nM and 3.9 nM

IC50, inhibitory concentration 50%.

JAK, Janus kinase; RA, rheumatoid arthritis.

Tofacitinib (Xeljanz) was the first JAKinib approved by the United States (US) Food and Drug Administration (FDA) for the treatment of moderate to severe RA. Tofacitinib preferentially inhibits JAK 3, JAK 1 and, to a lesser extent, JAK 2, in a reversible manner. Tofacitinib demonstrated efficacy in reducing clinical symptoms and radiographic progression in RA, both combined with a conventional synthetic (cs) disease-modifying antirheumatic drug (DMARD) and as monotherapy.^[@bibr24-1759720X20936059][@bibr25-1759720X20936059][@bibr26-1759720X20936059]--[@bibr27-1759720X20936059]^ Tofacitinib is currently approved for the treatment of RA, PsA and severe ulcerative colitis in Europe. Baricitinib (Olumiant) is another reversible inhibitor of JAK/STAT intracellular signalling that is selective for JAK 1 and JAK 2. Baricitinib demonstrated clinical improvement and inhibition of radiographic progression in patients with RA who were non-responders or intolerant of csDMARDs or biological DMARDs.^[@bibr28-1759720X20936059],[@bibr29-1759720X20936059]^ Moreover, baricitinib demonstrated equivalent efficacy to adalimumab in patients with active RA in non-responders to csDMARDs.^[@bibr30-1759720X20936059]^ Baricitinib appears promising in treating other immune mediated conditions, including psoriasis, atopic dermatitis and systemic lupus erythematosus (SLE).^[@bibr31-1759720X20936059][@bibr32-1759720X20936059]--[@bibr33-1759720X20936059]^

Next-generation agents are now emerging, with increased JAK selectivity. Upadacitinib (Rinvoq) is a selective JAK1 inhibitor. Recently, it has shown to be effective, in association with methotrexate (MTX) and as monotherapy, in patients with moderate-severe RA with inadequate response to csDMARDs and biologics.^[@bibr34-1759720X20936059][@bibr35-1759720X20936059]--[@bibr36-1759720X20936059]^ Furthermore, superiority of upadacitinib compared with adalimumab has been demonstrated in biologic-naïve patients with RA.^[@bibr37-1759720X20936059]^ Currently, the efficacy of upadacitinib in treating other immune disease, such as atopic dermatitis, ulcerative colitis, ankylosing spondylitis, Crohn's disease, SLE, vasculitis and PsA, is under investigation. Filgotinib is another selective inhibitor of JAK1. In patients with active RA, filgotinib demonstrated efficacy, as monotherapy and in combination with MTX, with a rapid onset of action and a good safety profile.^[@bibr38-1759720X20936059],[@bibr39-1759720X20936059]^ Recently, the efficacy of filgotinib in treating RA patients after the failure of one or more biologic DMARDs has been demonstrated.^[@bibr40-1759720X20936059]^ Additionally, phase II clinical trials in PsA and ankylosing spondylitis demonstrated efficacy of filgotinib.^[@bibr41-1759720X20936059],[@bibr42-1759720X20936059]^ Similarly, filgotinib demonstrated efficacy in active Crohn's disease, with a satisfactory safety profile.^[@bibr43-1759720X20936059]^ Currently, active clinical trials are evaluating the efficacy of filgotinib in other autoimmune diseases including SLE, uveitis and other inflammatory bowel disease, such as ulcerative colitis and small bowel Crohn's disease.

Decernotinib and peficitinib are selective inhibitors of JAK 3. Decernotinib was evaluated in RA as monotherapy and in combination with csDMARDs; despite demonstrating efficacy in controlling clinical symptoms and reducing inflammatory MRI findings, safety issues related to infections, lipid levels and transaminase alterations arose, as did a disadvantageous pharmacologic interaction.^[@bibr44-1759720X20936059][@bibr45-1759720X20936059]--[@bibr46-1759720X20936059]^ Peficitinib, which has a preferential selectivity for JAK 3 and JAK 1, was evaluated in patients with RA and ulcerative colitis. Despite a satisfactory response, a dose-dependent effect was not demonstrated in ulcerative colitis.^[@bibr47-1759720X20936059]^ In RA patients, peficitinib was effective^[@bibr48-1759720X20936059]^; however, no clear dose-dependent responses to peficitinib in combination with MTX emerged.^[@bibr49-1759720X20936059],[@bibr50-1759720X20936059]^ In Japan, peficitinib (Smyraf) was approved for RA in 2019 as it demonstrated efficacy in reducing symptoms and radiographic damage in two phase III clinical trials.^[@bibr51-1759720X20936059],[@bibr52-1759720X20936059]^ In patients with moderate-severe psoriasis, peficitinib demonstrated efficacy with an acceptable safety profile.^[@bibr53-1759720X20936059]^

Overall, JAKinibs appear to have an acceptable safety profile, with the most commonly reported adverse side effects being infections, such as laryngopharyngeal, respiratory and urinary tract infections, as well as mild hematologic and hepatic disorders, altered levels of cholesterol, and a probable increased risk of thrombosis. Inhibition of JAK2 may be associated with increased risk of anaemia, which was less frequently observed with more selective second generation JAKinibs. The latter may also be associated with fewer abnormalities in other laboratory values, particularly lipid profile and transaminases levels.^[@bibr54-1759720X20936059]^ However, comparison between first and second generation JAKinibs is still premature as clinical trials investigate different doses, head-to-head studies are still awaited and sufficient robust real-world data are not currently available for these drugs. Consequently, a direct comparison of the safety implications of different JAK selectivity is currently lacking. We can postulate that the risk of viral infections, such as varicella or zoster reactivation, might be considered mainly associated with JAK 1 and JAK 3 because they mediate the intracellular signalling and survival of immune cells and cytokines relevant to VZV control. The immune response requires the coordination of several specialised players, including Th1, CD8+ cells and B cells. All cells need the JAK/STAT intracellular signalling to mature and differentiate, but also to exert their activity. JAK 3 is expressed specifically in hematopoietic cells, and is mandatory for the differentiation of lymphocytes and also for transducing the signal different cytokines, that is, IL-2, IL-4, IL-7, IL-15, and IL-21. While JAK 1 and JAK 2 coordinate the response of Th1 cells associated with the receptors of several cytokines, such as IL-6, IL-12 and IFNs. Particularly important is IFN signalling, which, *via* JAK 1 (and JAK 2 for IFN-gamma only) and mostly STAT1, inhibits the intracellular virus replication directly, increases antigen presentation and, lastly, induces the differentiation CD8+ effector cells. Therefore, JAK 1 and JAK 3 signalling is essential for maturation and survival of Th1, CD8+ cells and B cells -- key cells in the immune response against virus. Surely, the combined inhibition of more JAK signals is more likely to interfere with the lymphocyte function. The role of JAKs in the VZV response was particularly highlighted for tofacitinib, a preferential inhibitor of both JAK 1 and 3; however, clinical data, especially in real-life settings, are required to confirm or refute this hypothesis and will determine differences around safety and efficacy regarding the selective inhibition of JAKs.

HSV and JAKinibs in inflammatory rheumatic diseases {#section4-1759720X20936059}
===================================================

The data currently available from the phase II/III trial programmes and emerging long-term follow-up studies and observational reports suggest that JAKinibs are relatively safe and well tolerated overall. Consistent with other immunomodulatory drugs and the biologic mechanism of their targets, the JAKinibs are associated with an increased risk of infections compared with placebo.^[@bibr24-1759720X20936059],[@bibr55-1759720X20936059],[@bibr56-1759720X20936059]^ There is particular interest in herpes virus infections in light of the role of JAKs in the immune response to these viruses. The risk of zoster reactivation is already slightly increased in patients with immune-mediated rheumatic musculoskeletal diseases (RMDs), such as RA.^[@bibr57-1759720X20936059],[@bibr58-1759720X20936059]^ Moreover, the risk of infection in these patients is also increased in association with immunosuppressive treatments, particularly corticosteroids, as well as age, ethnicity, diabetes, smoking, etc.^[@bibr59-1759720X20936059]^ Tofacitinib was the first licensed JAKinib in RA, so offers a good opportunity to study the long-term incidence of zoster and other infections.

In RA patients receiving tofacitinib, upper respiratory tract and urinary tract infections were the most commonly reported adverse events associated with tofacitinib, although serious opportunistic infections were also reported.^[@bibr60-1759720X20936059]^ In clinical trials, there was an increased risk of serious infection events and especially of HSV reactivation. In two clinical trials evaluating the efficacy of tofacitinib in RA patients, there was an increased rate of serious infections with tofacitinib compared with placebo; the most common of these adverse events were upper respiratory tract infections. Furthermore, 6 (out of 321; 1.9%) and 11 (out of 316; 3.5%) cases of localised herpes zoster infections were reported during 6--12 months treatment with tofacitinib 5 mg and 10 mg, respectively, in combination with MTX.^[@bibr24-1759720X20936059],[@bibr25-1759720X20936059]^ Tofacitinib monotherapy showed a higher zoster infection rates compared with MTX alone: 13 of 373 patients (3.5%) and 18 of 397 patients (4.5%), with tofacitinib 5 mg and 10 mg, respectively, developed herpes zoster reactivation compared with only 2 out of 186 (1.1%) patients who received only MTX. Only in patients receiving tofacitinib 10 mg, were some cases of disseminated herpes zoster reported.^[@bibr26-1759720X20936059]^ In the ORAL study, comparing tofacitinib, as monotherapy or in combination with MTX, with adalimumab plus MTX, herpes zoster reactivation was reported in a total of 18 (2%) patients: 4 (1%) were receiving tofacitinib monotherapy, 8 (2%) tofacitinib in combination with MTX, and 6 (2%) were receiving adalimumab. In patients who received live attenuated zoster vaccination (Zostavax) (*n* = 216), the zoster reactivation rate was less that 1% of cases, with overall milder manifestations, compared with the rate of 2% in the patients who had not received vaccination (*n* = 930). The herpes zoster cases were mostly mild and localised. Note that in the tofacitinib monotherapy group, two patients developed multi-dermatomal disease and in one, serious varicella zoster course was reported, whereas, when combined with MTX, one case of serious herpes zoster was present; in the adalimumab and MTX group, one case of disseminated herpes zoster and one serious herpes zoster event occurred.^[@bibr27-1759720X20936059]^

Clinical trials data on the other key first generation JAKinib, baricitinib, reported a comparable risk for herpes zoster reactivation in RA patients. In a phase III clinical trial, baricitinib 2 mg and 4 mg in RA patients, both in combination or in monotherapy, was associated with localised zoster reactivation frequency of 2% (4/229) and 1% (3/227), respectively, by week 24, compared with none in the placebo group.^[@bibr28-1759720X20936059]^ In this study, none of the patients had received vaccination for zoster. In a similar study of baricitinib 2 mg and 4 mg in patients with RA, herpes zoster infections were reported more frequently in the 4 mg dose group (*n* = 7; 4%) compared with placebo and the 2 mg dose groups, which both had similar reactivation rates (both *n* = 2; 1%). Most of the patients who experienced a zoster infection had previously received at least three csDMARDs or biologic treatments. To note, all the cases were mild, with no disseminated infection.^[@bibr61-1759720X20936059]^ Additionally, in a cohort of patients with early RA naïve to biologics DMARDs, herpes zoster infection was reported in two (\<1%), four (3%) and five (2%) for baricitinib 4 mg alone, MTX alone, or a combination of baricitinib and MTX, respectively; a higher incidence was observed in Japanese patients in the same cohort (in two (\<1%), three (2%), and three (1.4%) patients, respectively).^[@bibr62-1759720X20936059]^ Notably in this study, there were no disseminated infections. In a study directly comparing baricitinib and adalimumab (both in combination with MTX) at 52 weeks, the herpes zoster infection rates were 2% in both groups, with most of the reported cases occurring in Asia. Only one case of zoster within the baricitinib group was multi-dermatomal.^[@bibr30-1759720X20936059]^

The efficacy and safety of more selective JAKinibs, such as upadacitinib, filgotinib, and also of the broader spectrum, peficitinib, is currently under investigation. In RA non-responders to MTX receiving different doses of upadacitinib (3, 6, 12, 18, 24 mg) up to 12 weeks, non-disseminated cases of zoster were reported in 2% (1 out of 50) and 4% (2 out of 49) of patients receiving 3 mg and 24 mg doses, respectively, compared with less than 1% of patient receiving placebo^[@bibr63-1759720X20936059]^; no cases of zoster infection were reported in the patients receiving intermediate doses of upadacitinib. In a larger clinical trial evaluating the efficacy of upadacitinib 15 and 30 mg in association with csDMARDs in RA patients with inadequate response to biologics, herpes zoster reactivation rates were 1% in both groups at 24 weeks (out of 156 and 148 patients, respectively), with two serious cases of zoster in the upadacitinib 30 mg arm. To note, none of the patients who had received zoster vaccination before the treatment initiation developed zoster infection.^[@bibr35-1759720X20936059]^ When administered as monotherapy, both upadacitinib 15 mg and 30 mg, demonstrated higher zoster reactivation rates, respectively 3 out of 217 (1%) and 6 out of 215 (3%), than MTX alone (1 out of 216; \<1%); 2 cases in the 30 mg group involved 3 or more dermatomes; however, none of the cases was classified as serious.^[@bibr36-1759720X20936059]^ Filgotinib monotherapy was associated with a low rate of herpes zoster infection, with 1 mild case out 211 patients (0.5%) treated up to 24 weeks.^[@bibr38-1759720X20936059]^ A low rate of mild herpes zoster infection, 4 cases out of 508 (\<1%) patients, was reported in patients treated with various doses of filgotinib in combination with MTX for 24 weeks.^[@bibr39-1759720X20936059]^ Filgotinib 100 mg and 200 mg in combination with csDMARDs for 24 weeks were associated with zoster infection rates of 1.4% (2/147) and 1.3% (2/153), respectively; all cases were uncomplicated and occurred in patients older than 55 years old.^[@bibr40-1759720X20936059]^ Recently, a study evaluating the efficacy of filgotinib in MTX naïve RA patients reported similar rate of herpes zoster infection with filgotinib monotherapy (0.5%, 1/210 patients) compared with MTX alone and combination therapy with filgotinib and MTX (0.5%, 2/416 in both groups).^[@bibr64-1759720X20936059]^ For the selective inhibitor of JAK3, decernotinib, herpes zoster infection was reported in 3 out of 163 patients (2.2%) who received decernotinib monotherapy up to 12 weeks.^[@bibr44-1759720X20936059]^ Decernotinib at various doses, in combination with MTX, for active RA for 24 weeks, was associated with a herpes zoster reactivation rate of 3.1% (6 cases), all the cases involved no more than one dermatome.^[@bibr45-1759720X20936059]^ Furthermore, peficitinib 100 mg and 150 mg, in combination with MTX, was associated with zoster reactivation in 2.4% and 1.3% of patients, respectively.^[@bibr47-1759720X20936059]^ In another study evaluating the efficacy of different doses of peficitinib in combination with selected csDMARDs, there were no reported cases of herpes zoster infection.^[@bibr46-1759720X20936059]^ In contrast, in two Japanese cohorts, peficitinib was associated with higher zoster infection rates (3.6--5.5%) compared with placebo (0--1.2%), although no dose-dependent association was observed and no multiple dermatomes or diffuse zoster infections were observed.^[@bibr51-1759720X20936059],[@bibr52-1759720X20936059]^ The incidence rate of herpes zoster in the discussed clinical trials is summarised in [Table 3](#table3-1759720X20936059){ref-type="table"}.Long-term extension data from clinical trials further highlighted herpes zoster infection as an adverse event that deserves attention as it represents a frequent cause of drug discontinuation. A recent long-term extension study, ORAL Sequel, confirmed the long-term efficacy and safety profile of tofacitinib (5 and 10 mg) up to 9.5 years.^[@bibr65-1759720X20936059]^ The estimated incidence rate of herpes zoster infection in a total tofacitinib exposure of 16,291 person-years (PY) was 2.4/100 PY \[95% confidence interval (CI) 1.9--2.8; *n* = 106/1298\] for tofacitinib 5 mg and 10 mg monotherapy and, slightly higher, 3.6/100 PY (95% CI 3.2--4.0; *n* = 285/2464) for tofacitinib in combination with csDMARDs. The incidence rate of zoster reactivation in all patients was higher with tofacitinib 10 mg (3.7; 95% CI: 3.4--4.1) compared with the 5 mg dose (2.3; 95% CI: 2.3--3.3). The overall incidence rate for tofacitinib 10 mg in combination with csDMARDs was 4.1 (95% CI: 3.6--4.7). Most (96%) cases were mild, with few recurrent episodes. The risk of VZV infection associated with tofacitinib in combination with csDMARDs in patients with RA is higher in eastern Asian countries.^[@bibr66-1759720X20936059]^ In a previous long-term extension study in Japan, patients with RA treated with tofacitinib were reported to have a higher rate of herpes zoster infection compared with the global population; the overall incidence rate of serious and mild herpes zoster reactivation was 7.4 (95% CI: 6.0--9.1; *n* = 94/486), with higher rates with tofacitinib at 10 mg (8.6, 95% CI: 5.6--12.7).^[@bibr67-1759720X20936059]^ Another long-term extension study with a particular focus on Chinese patients revealed a herpes zoster incidence rate of 1.72 (95% CI: 0.74--3.39) for tofacitinib 5 mg and 1.51 (95% CI: 0.18--5.44) for the 10 mg dose; overall, these data showed a lower incidence compared with the pooled data from clinical trials and compared with the Japanese population.^[@bibr68-1759720X20936059]^

###### 

Summarised incidence and patients/100years exposure of herpes zoster infections from phase II and III clinical trials up to 24 months of treatment.

![](10.1177_1759720X20936059-table3)

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Inhibitor and dose\                                                           Patients tot n   Zoster cases\   Disseminated/serious zoster\   Cases/100 patient-years   Ref.
  (+/-- MTX and other csDMARDs)                                                                  *n* (%)         *n* (%)                                                  
  ----------------------------------------------------------------------------- ---------------- --------------- ------------------------------ ------------------------- -------------
  Tofacitinib 10 mg                                                             713              29 (4.1)        NS                             2.6                       23,24

  Tofacitinib 5 mg                                                              1,454            31 (2.1)        4 (0.4)                        1.7                       24,25

  PBO                                                                           160              0               0                                                        23

  Methotrexate                                                                  186              2 (1.1)         0                              0.54                      24

  Adalimumab                                                                    386              6 (1.6)         2 (0.5)                        1.5                       25

  Baricitinib 4 mg                                                              1,265            30 (2.4)        1 (\<0.1)^\$^                  2.6                       26,28,60,61

  Baricitinib 2 mg                                                              403              6 (1.5)         0                              2.9                       26,60

  PBO                                                                           404              0                                                                        26,60

  Methotrexate                                                                  689              4 (0.6)         0                              0.8                       28,61

  Adalimumab                                                                    330              5 (2)           0                              1.4                       28

  Upadacitinib 15 mg[\*](#table-fn7-1759720X20936059){ref-type="table-fn"}      305              5 (1.6)         0                              2.9                       34,62,63

  Upadacitinib 30 mg[\*](#table-fn7-1759720X20936059){ref-type="table-fn"}      488              9 (1.8)         4 (0.8)                        5.4                       34,62,63

  PBO                                                                           219              1 (0.5)         0                              1.8                       34,62,63

  Methotrexate                                                                  216              1 (0.5)         0                              1.3                       34

  Filgotinib 50 mg                                                              204              2 (1)           NS                             2.0                       36,37

  Filgotinib 100 mg                                                             600              3 (0.5)         NS                             0.7                       36--38,64

  Filgotinib 200 mg                                                             1012             8 (0.8)         NS                             1.2                       36--38,64

  PBO                                                                           276              1 (0.4)         NS                             0.7                       36--38

  Methotrexate                                                                  418              2 (0.5)         NS                             0.4                       64

  Decernotinib 100 mg                                                           71               2 (2.8)         0                              5.6                       43

  Decernotinib 150 mg                                                           72               1 (1.4)         0                              2.8                       43

  Decernotinib 200 mg[\*\*](#table-fn8-1759720X20936059){ref-type="table-fn"}   144              3 (2.1)         1                              4.2                       43

  PBO                                                                           71               0                                                                        43

  Peficitinib 25 mg^[§](#table-fn9-1759720X20936059){ref-type="table-fn"}^      125              0               NS                             0                         46,47

  Peficitinib 50 mg^[§](#table-fn9-1759720X20936059){ref-type="table-fn"}^      135              0               NS                             0                         46,47

  Peficitinib 100 mg^[§](#table-fn9-1759720X20936059){ref-type="table-fn"}^     420              20 (0.5)        NS                             5.9                       46,47,49,50

  Peficitinib 150 mg^[§](#table-fn9-1759720X20936059){ref-type="table-fn"}^     418              11 (2.6)        NS                             3.3                       46,47,49,50

  PBO^[§](#table-fn9-1759720X20936059){ref-type="table-fn"}^                    394              3 (0.8)         NS                             0.9                       46,47,49,50

  Etanercept^[§](#table-fn9-1759720X20936059){ref-type="table-fn"}^             200              5 (2.5)         NS                             2.3                       49
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

In most of the studies patients did not received vaccination. Upadacitinib data was calculated by adding also dosage of 6 mg and 12 mg twice daily equivalent of 15 mg and 30 mg, respectively.

PBO, placebo; NS, number not specified.

\$the patient was receiving baricitinib 4 mg in association with MTX.

less than 5% add previous vaccination.

cumulative dose 200 mg, includes 200 mg once daily or 100 mg twice daily.

vaccination history not recorded.

The long-term extension study of baricitinib in RA (RA-BEYOND) \[ClinicalTrials.gov identifier: NCT01885078\] is on-going. Recently, this extension study reported an incidence rate of 2.5/100 PY when receiving a baricitinib dose of at least 4 mg for 128 weeks.^[@bibr69-1759720X20936059]^ A further extension study up to 52 weeks in a Japanese cohort indicated an overall higher risk of VZV reactivation during baricitinib treatment: 11 (7.8%) patients in the extension period developed herpes zoster infection with an incidence rate of 6.5.^[@bibr70-1759720X20936059]^

Among the selective JAKinib, the only data available are for a long-term extension study to 2 years for peficitinib. This extension of two global phase IIb trials in RA patients receiving peficitinib at various doses indicated an incidence rate of 1.5/100 PY for herpes zoster infections, including one herpes zoster ophthalmic infection.^[@bibr71-1759720X20936059]^

Integrated data from the various JAKinib clinical trials might give a broader insight regarding the risk of herpes zoster infection events in patients receiving JAKinibs with different selectivities. A recent meta-analysis of tofacitinib monotherapy and combination therapy in RA, indicated that the incidence rate of serious adverse events and discontinuation of treatment was lower in those receiving monotherapy compared with combination therapy (incidence rate for severe infective events for combination was 3.23 (95% CI: 2.55--4.03) compared with 1.65 (95% CI: 1.07--2.44) for combination therapy. Similarly, the incidence rate for VZV reactivation with tofacitinib monotherapy (2.48, 95% CI: 1.74--3.42) was lower than that reported for the combination group (4.51, 95% CI: 3.69--5.46). The zoster infections were limited in distribution and were responsive to antiviral treatment. Interestingly, the risk of developing herpes zoster infection was reduced in patients not previously exposed to glucocorticoids, independently of whether they received tofacitinib alone or in combination with csDMARDs.^[@bibr72-1759720X20936059]^ A pooled analysis confirmed that the risk for herpes zoster reactivation is increased when tofacitinib (5 mg or 10 mg) is used in combination with both csDMARDs and corticosteroids compared with monotherapy, with significantly high crude incidence rates of 4.82 *versus* 0.56 and 5.44 *versus* 2.19 for tofacitinib 5 mg and 10 mg, respectively.^[@bibr73-1759720X20936059]^ Corticosteroids appear to play a major role, and are estimated to approximately double the risk of VZV infection in patients treated with tofacitinib.^[@bibr74-1759720X20936059]^ Moreover, two recent meta-analysis reported that the overall risk of serious infectious adverse events in RA patients treated with tofacitinib is similar to the risk associated with the use of biologic DMARDs, including TNF inhibitors, abatacept, rituximab and tocilizumab.^[@bibr75-1759720X20936059],[@bibr76-1759720X20936059]^

The incidence of VZV reactivation has also been evaluated in RA patients treated with baricitinib. In a meta-analysis, the incidence rate of VZV was 3.2/100 PY (95% CI 2.8--3.7); similar to that of tofacitinib, the zoster infection was usually mild, with no cases of disseminated disease.^[@bibr77-1759720X20936059]^ Pooled data from RA clinical trials and one ongoing long-term extension study recently reported higher exposure-adjusted incidence rates for VZ infections up to 5.5 years for baricitinib than placebo, similar to what was reported for tofacitinib.^[@bibr78-1759720X20936059]^ In particular, the herpes zoster incidence rate for baricitinib 4 mg (4.3) was significantly higher than the incidence rate in the placebo group (1.0), and higher for 4 mg (3.8) than for the 2 mg dose (2.7).^[@bibr78-1759720X20936059]^ As for tofacitinib, integrated analysis indicated that Japanese patients with RA treated with baricitinib had higher herpes zoster infection incidence rates (6.5, 95% CI: 4.9 ‒8.4) compared with RA patients overall (3.2, 95% CI: 2.8--3.7); of note, the majority of cases were mild, with few moderate infections involving more than one dermatome.^[@bibr79-1759720X20936059]^ In another meta-analysis, the odds ratio (OR) for serious adverse events, serious infections, and herpes zoster infection was estimated from five clinical trials; interestingly, although baricitinib was not associated with an increased risk of overall infections, the OR associated with herpes zoster was significantly higher than that of placebo (2.34, 95% CI: 0.27--20.47).^[@bibr80-1759720X20936059]^

Recently, a study compared the incidence rates of infections and VZV reactivation in RA patients treated with tofacitinib, baricitinib or upadacitinib using pooled data from clinical trials.^[@bibr81-1759720X20936059]^ Interestingly, the estimated incidence rate ratio of serious infections was not significantly different for these JAKinibs compared with placebo. However, baricitinib, but not tofacitinib or upadacitinib, was associated with a higher risk of developing VZV compared with placebo (incidence rate ratio 2.86).^[@bibr81-1759720X20936059]^

The differential geographical distribution of VZV reactivation in RA patients treated with tofacitinib has been highlighted; Japan and Korea have the highest incidence rates of zoster reactivation equal to 8.1/100 PY (95% CI: 7.0--9.4), followed by Australia, New Zealand and other Asian countries.^[@bibr66-1759720X20936059],[@bibr73-1759720X20936059]^ Recently, a *post hoc* analysis of pooled data confirmed the higher susceptibility to zoster in the Asia-Pacific population compared with the global population \[incidence rate (IR) (95% CI) of 0.7 (0.5, 1.0) *versus* 0.3 (0.2, 0.3), respectively\].^[@bibr82-1759720X20936059]^ In contrast, population studies in Latin America treated with tofacitinib reported lower herpes zoster infection rates in this ethnic group compared with the global population \[3.39 (2.68--4.29) *versus* 4.39 (4.00--4.83), respectively\].^[@bibr83-1759720X20936059]^

Real-world data based on the global safety database for tofacitinib collected over 3 years following marketing authorisation did not highlight new safety risks on estimated exposure of 34,223 PYs.^[@bibr84-1759720X20936059]^ Specifically, the reported percentage of herpes zoster cases (2.2%) is consistent with the previously reported data. Currently, a post marketing national register for tofacitinib is in progress in Japan; a short-term report described an incidence rate of 6.81/100 PY, consistent with the data from clinical trials.^[@bibr85-1759720X20936059]^ Administrative health plan data from the US revealed a higher incidence rate for herpes zoster infection in patients treated with tofacitinib compared with biologics (3.87 *versus* 1.95--2.71 per 100 PY).^[@bibr86-1759720X20936059]^ This study specifically compared the risk of herpes zoster occurrence in RA patients treated with tofacitinib or with biologic agents, including anti-TNFs, abatacept, rituximab and tocilizumab, in a real-life setting; interestingly, the risk of zoster during tofacitinib treatment was roughly double the risk observed with the biologics drugs.^[@bibr86-1759720X20936059]^ Several risks factors, including age, sex, use of corticosteroids, history of infections and hospitalisations were reported to be associated with a higher risk of zoster occurrence; the concomitant use of corticosteroids and tofacitinib further doubled the risk of VZV occurrence, independent of MTX use.^[@bibr86-1759720X20936059]^

The higher susceptibility to develop herpes zoster infections in RA Japanese patients was also confirmed for baricitinib in a meta-analysis of clinical trials and long-term extension studies. Specifically, the occurrence of herpes zoster was higher in patients receiving baricitinib 4 mg compared with the placebo group or patients receiving MTX or adalimumab.^[@bibr87-1759720X20936059]^ In a 52 week extension of a study investigating the efficacy of baricitinib exclusively in Japanese patients with active RA, herpes infections were reported in 11 patients out of 141 (7.8%), representing the most common cause for discontinuation of baricitinib in this cohort. The reasons of the observed differences of herpes infections with JAKinibs between ethnic groups are currently unknown; different genetic polymorphisms might be relevant. Vaccination for herpes zoster was demonstrated to be protective and to prevent reactivation of the disease.^[@bibr27-1759720X20936059]^ In Japan, both varicella and zoster vaccination approvals came later compared with European countries. It can potentially contribute to the increased incidence in Japan, explained with reduced herd immunity and reduced access to specific vaccination programs. However, this is a pure speculative consideration as the population sample is very small, and registry data on the vaccination coverage are needed to validate it.

This evidence highlights the need for tailored guidelines in specific countries related to local herpes zoster occurrence rates, as well as the need for more comprehensive real-life data from different population studies. It should also be noted that data from clinical trials and extension studies in patients receiving various doses of tofacitinib indicate that the overall risk of serious infections and the specific risk of VZV infection is higher in subjects older than 65 years.^[@bibr88-1759720X20936059]^

Currently, there are no data available about the safety profile of the new selective JAKinibs in real world settings; these data will provide further insights regarding the possible mechanism behind the increase risk of VZV in patients treated with JAKinibs.

In summary, while JAKinibs are generally safe and well tolerated, they can be associated with adverse reactions such as infections, including opportunistic agents. VZV reactivations are usually mild and responsive to antiviral therapy. The data are still evolving, especially in real-world settings and for the new selective JAKinibs. Therefore, further studies, including long-term observational studies, are needed to define the risk of adverse events, particularly in high-risk populations.

Herpes virus infections and JAKinibs in other immune-mediated diseases {#section5-1759720X20936059}
======================================================================

JAKinibs have been approved or are currently under investigation for the treatment of other immune-mediated diseases in various fields including dermatology, gastroenterology and rheumatology. The enlarged population of patients treated with JAKinibs will expand the experience concerning herpes zoster reactivation and help in understanding the underlying mechanisms.

Tofacitinib has been recently approved for the treatment of PsA. In both biologic naïve patients and inadequate responders to anti-TNF treatment, tofacitinib at 5 mg and 10 mg twice daily was reported to be superior to placebo and non-inferior to adalimumab. In both clinical trials, the frequency of herpes zoster was up to 2% in the tofacitinib-treated group compared with no cases in the placebo and adalimumab control groups. One case in each study was evaluated as opportunistic infection with at least three dermatomes involved.^[@bibr89-1759720X20936059],[@bibr90-1759720X20936059]^ Filgotinib and upadacitinib are currently under investigation for the treatment of active PsA. In a phase II clinical trial of filgotinib in PsA, one non-complicated cases of herpes zoster (1 out of 65 patients; 2%) was reported in this study.^[@bibr41-1759720X20936059]^

In dermatology, JAKinibs, have demonstrated efficacy in both oral and topical formulation, for treating different conditions such as psoriasis, atopic dermatitis and alopecia areata. Tofacitinib was shown to be effective in treating cutaneous psoriasis. A recent long-term extension study from phase II and III clinical trials reported that episodes of herpes zoster occurred in 176 (6.1%) patients out of 2867 patients treated with tofacitinib 10 mg and/or 5 mg for up to 66 months. Only seven cases were reported as severe and two of them presented as multidermatomal.^[@bibr91-1759720X20936059]^ Two phase II clinical trials investigating the efficacy of baricitinib and peficitinib in the treatment of moderate and severe psoriasis reported no cases of herpes zoster.^[@bibr31-1759720X20936059],[@bibr53-1759720X20936059]^

In patients with atopic dermatitis, a phase II clinical trial of topical tofacitinib reported no herpes zoster or herpes simplex infections; however, the topical formulation and the short 4-week duration of the administration might explain the absence of this adverse event.^[@bibr92-1759720X20936059]^ In a 16-week phase II clinical trial of oral baricitinib in patients with moderate--severe atopic dermatitis, a single patient in the baricitinib 4 mg treatment arm developed herpes zoster.^[@bibr32-1759720X20936059]^ In a study of the selective JAK1 inhibitor, upadacitinib, in patients with atopic dermatitis, none of the 126 patients treated with upadacitinib for 16 weeks developed herpes zoster.^[@bibr93-1759720X20936059]^

In clinical trials investigating the efficacy of tofacitinib in alopecia areata, only one case of limited herpes zoster was reported in the 78 patients treated in these clinical trials.^[@bibr94-1759720X20936059],[@bibr95-1759720X20936059]^ There are only a few case reports of baricitinib in the treatment of alopecia areata, with no complications of herpes zoster reported to date.^[@bibr96-1759720X20936059]^ The selective JAK1 and JAK2 inhibitor, ruxolitinib, was assessed in an open-label study in 12 patients for alopecia areata, with no cases of herpes zoster reported.^[@bibr97-1759720X20936059]^

In Crohn's disease patients treated with tofacitinib 5 mg (85), 10 mg (86, or placebo (90), only two cases of localised herpes zoster were reported in the 10 mg group (3.3%).^[@bibr98-1759720X20936059]^ In the 48-week extension study, mild herpes zoster infections occurred in two patients in each tofacitinib group (5 mg = 62 patients; 10 mg + 88 patients). One case of primary varicella infection was reported in the tofacitinib 10 mg group. In addition, in the 5 mg group, there was also a case of disseminated zoster that was considered mild and treated with anti-viral treatment without suspending the tofacitinib treatment.^[@bibr99-1759720X20936059]^ In a phase II study in patients with active Crohn disease, filgotinib was well tolerated and only one case of herpes zoster was reported in a group a patients receiving filgotinib 200 mg for 10 weeks and 100 mg for the following 10 weeks (3%); in the 77 patients receiving filgotinib 200 mg consecutively for 20 weeks, there were no cases of zoster reported.^[@bibr43-1759720X20936059]^

A study recently investigated the risk of developing herpes zoster reactivation in patients with ulcerative colitis treated with tofacitinib by analysing data from different clinical trials and long-term extension studies; of a total of 1157 patients treated with tofacitinib, 65 cases of zoster were found (5.6%). Up to 74% of the cases were mild, with the remaining cases multi-dermatomal or disseminated; among those with disseminated disease, there was a case of invasive HZ encephalitis, recovered with intravenous and oral antiviral treatment.^[@bibr100-1759720X20936059]^

Implications for screening and vaccination {#section6-1759720X20936059}
==========================================

The first VZV vaccination was a live attenuated vaccine (Zostavax), with two scheduled doses, that become available in the early 1990s. This attenuated vaccine induces immunity effective at reducing primary varicella infections.^[@bibr101-1759720X20936059]^ The vaccine is generally safe and well tolerated -- infections associated with the vaccine have been described only in severely immunosuppressed patients.^[@bibr102-1759720X20936059]^ This live attenuated vaccine, in higher concentration, is also available to prevent the latent virus reactivation, usually manifesting clinically as herpes zoster, and is widely available for people older than 60 years, with good safety and efficacy, and is generally well tolerated.^[@bibr103-1759720X20936059]^ Currently, zoster vaccination in patients with inflammatory arthritis is recommended over the age of 60 years old (as in the general population) unless relevant contraindications or precautions are present.^[@bibr104-1759720X20936059]^ The relevant European League against Rheumatism (EULAR) and American College of Rheumatology (ACR) guidelines suggest vaccinating patients with RA^[@bibr105-1759720X20936059],[@bibr106-1759720X20936059]^; however, as this is a live vaccine, it is not recommended during biologic or JAKinib treatment. Rather it is suggested to start biologic or JAKinib treatment at least 2--4 weeks after live attenuated zoster vaccination.^[@bibr107-1759720X20936059]^ Low doses of immunosuppressant such as MTX (\<0.4 mg/kg/week), do not represent a contraindication to the administration of the live zoster vaccine. However, in routine clinical practice, the vaccination is not widely used in patients with inflammatory arthritis as they may be receiving more than one immunosuppressive treatment, or as administration of the live vaccine would lead to delay in starting of new treatment required for arthritis, or occasionally itself cause the reactivation of herpes zoster symptoms in immune-suppressed patients.

The recent update of the EULAR recommendations for vaccination recommend considering the use of herpes zoster vaccination in high-risk patients with RMDs. Despite the EULAR task force on vaccination general recommendation to avoid live attenuated vaccines in immunosuppressed RMD patients, varicella and herpes zoster vaccine are exceptions and should be considered on a case-by-case basis.^[@bibr106-1759720X20936059]^ The live zoster vaccine was demonstrated to be safe and effective in a cohort of 54 RA patients older than 50 years, when administered up to 3 weeks before starting tofacitinib.^[@bibr108-1759720X20936059]^ The risk of zoster reactivation with tofacitinib started 2--3 weeks after attenuated vaccination was very low and judged to be acceptable -- the study also indicated that the vaccine was effective in inducing effective immunity. During this study, only one patient developed primary disseminated varicella consequent upon lack of pre-existing immunity; this infection was responsive to antiviral therapy and resolved after discontinuation of tofacitinib.^[@bibr108-1759720X20936059]^

Further studies are needed to confirm these data with regards to other JAKinibs while large prospective trials sufficiently powered to assess the safety of this live-attenuated vaccine are still lacking. A recent study indirectly estimated the effect of live zoster vaccination administered in a clinical trial cohort, before receiving tofacitinib monotherapy, tofacitinib plus MTX or adalimumab plus MTX, and calculated incidence rates of zoster infection in the non-vaccinated patients of 1.0, 2.2 and 2.1, respectively, compared with 1.5, 3.0 and 0, respectively, in the vaccinated RA patients.^[@bibr109-1759720X20936059]^

Recently, a recombinant VZV vaccine (Shingrix), containing surface protein and adjuvants, has been developed.^[@bibr110-1759720X20936059]^ This vaccine was shown to induce an effective immune response and appears cost-effective compared with the live attenuated vaccine.^[@bibr111-1759720X20936059],[@bibr112-1759720X20936059]^ The recombinant vaccine represents a safe alternative for immunosuppressed patients in whom the previous attenuated vaccine is contraindicated.^[@bibr113-1759720X20936059]^ The recent EULAR guidelines on vaccination include the possibility to use the recently approved non-live recombinant zoster vaccine, when commercially available, as it demonstrated to be equally effective although safer than the live vaccine in immunosuppressed adults.^[@bibr108-1759720X20936059],[@bibr113-1759720X20936059]^

Currently, routine screening for previous exposure to HVZ of asymptomatic subjects is not explicitly recommended in the ACR treatment guidelines for RA.^[@bibr105-1759720X20936059]^ In contrast, documenting the history of chronic viral infections, including varicella-zoster, and the vaccination status is recommended in all patients with chronic inflammatory rheumatic diseases in Europe.^[@bibr114-1759720X20936059]^ As a note of prudence, the recent EULAR vaccination task force advised documenting varicella zoster serostatus before administration of the live attenuated zoster vaccine, which is more potent than the varicella vaccine, in order to avoid primary infection after vaccination.^[@bibr106-1759720X20936059]^ In clinical practice, medical history is often used to decide whether screening patients for chronic viral infections is indicated; commonly, screening for antibodies against varicella is performed when prior infection status is not certain. Moreover, pre-screening for varicella may potentially not be cost-effective or time effective, potentially incurring increased healthcare costs and delayed treatment start. A systematic literature review investigating the risk of zoster occurrence in rheumatologic patients receiving only MTX estimated that there is no association of MTX and VZV infection in RA patients, such that the authors declare themselves against pre-MTX screening for varicella.^[@bibr115-1759720X20936059]^

Accordingly, serological screening and vaccination against herpes zoster are commonly underused in patients with inflammatory arthritis.^[@bibr116-1759720X20936059]^ As highlighted before, treatment with MTX appears to be associated with a low risk of VZV reactivation, while different biologic treatments seem to carry a similar risk for serious infections compared with tofacitinib in clinical trial settings.^[@bibr76-1759720X20936059]^ In contrast, tofacitinib appears to roughly double the risk of zoster infections when compared with biologic DMARDs, including anti-TNFs, abatacept, rituximab and tocilizumab in real-life analysis,^[@bibr86-1759720X20936059]^ particularly when administrated in combination with corticosteroids.^[@bibr74-1759720X20936059]^ It remains controversial whether routine pre-treatment screening of patients with rheumatic disease who are about to start a new treatment should be routinely performed. However, the high zoster reactivation rate associated with JAKinibs highlights the need for increased vigilance in these patients. It remains to be established whether the use of routine screening and vaccination reduces the risk of VZV infection, and is cost-effective, in patients receiving JAKinibs in real world settings.^[@bibr109-1759720X20936059]^ There are no current treatment recommendations regarding the clinical approach in cases of reactivation during JAKinib treatment.

Conclusion {#section7-1759720X20936059}
==========

Patients with inflammatory RMDs are often immunocompromised, by both the disease itself and by immunomodulatory therapies, putting them at higher risk of opportunistic infections, including VZV. Several risks factors for zoster infections, such as medications, age, ethnicity, diabetes and sex, can be readily captured on clinical history, allowing identification of high-risk patients and helping to guide treatment choices. The JAKinibs are promising new treatments for a range of immune-mediated inflammatory diseases. However, the incidence of herpes zoster appears higher than with the current biologic agents and csDMARDs. JAKinibs have a wider pleiotropic biological effect than current biologic agents; compared with the inhibition of one single cytokine or cytokine receptor, JAKinibs are able to simultaneously suppress the action of different cytokines, even if transitorily. This intrinsic characteristic of the JAKinibs can explain the higher risk of zoster compared with other biologic drugs. Although the risk of herpes zoster in phase II/III clinical trials appears similar for the various JAKinibs, further studies are needed to appropriately determine the safety profile of JAKinibs with different selectivities and at various doses. Emerging and pooled data may suggest that inhibition of JAK 2 and JAK 3 may be associated with a higher risk of VZV infection, while selectivity for JAK 1 may be associated with a lower risk of zoster infection. In particular, JAK 3 inhibition is theoretically able to inhibit CD8 and B cells maturation and to unleash the herpes zoster reactivation. However, the ability of different JAKinibs to inhibit JAK 2 appears to be associated with a slightly higher risk of VZV reactivation, as suggested in the pooled data comparing tofacitinib, upadacitinib and baricitinib. It is still early to point which is the JAK associated with the highest risk of zoster reactivation, so greater attention will be required to investigate this further in the next years. In fact, data are still evolving and derived mainly from meta-analysis of phase II/III clinical trials. Real-world longitudinal data with larger numbers of patients treated with different JAK selectivity are required to better define the safety of JAKinibs, particularly relating to the prevalence of VZV infections and to determine the role of screening and vaccination to prevent its occurrence.
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